30-September-2020

David Albright

Manager, Groundwater Protection Section

U.S. Environmental Protection Agency, Region IX
75 Hawthorne Street

San Francisco, California 94105

RE: Response to Technical Evaluation Comments and Information Request
for Underground Injection Control (UIC} Permit Application
Class V! Pre-Construction Permit Application No. ROUIC-CA6-FY20-1

Dear Mr. Albright,

Clean Energy Systems, Inc. (CES) thanks you and the staff at the United States
Environmental Protection Agency (EPA) for your consideration and review of
our Class VI Pre-Construction Underground Injection Control Permit
Application for the Mendota site.

This letter and enclosures are in response to your recent Comments and
information Request based upon the technical evaluation of the geologic site
characterization information provided in the subject permit application,
dated 19-August-2020. The enclosures are organized into two sections, a
detailed technical response and Appendices containing information
supporting considerations of specific federal laws.

CES worked with subsurface experts at Schlumberger to develop the technical
response section. The section begins with additional information on the
geologic formation use and supplemental figures to support EPA’s review and
evaluation of the subject application. It then provides direct responses to
EPA’s comments and information requests. For completeness, CES elected to
write our responses within EPA’s Site Characterization Evaluation Enclosure;
CES responses are in g awnt. Requested Updated Figures are included in
Appendix A.

CES recognizes the interests of the EPA in ensuring that potential impacts
caused by the project to wildlife protected under the Endangered Species Act
(ESA) and to historical features preserved under the National Historic
Preservation Act (NHPA) are identified and addressed. Appendix B and C
contain a copy of the proposals from two consulting firms hired by CES, with
expertise in these matters. CES has conferred with the expert consultants and
emphasized the need to fully address California Environmental Quality Act
(CEQA) requirements as well as pertinent federal requirements identified in

www.cleanenergysystems.com
3035 Prospect Park Drive, Suite 120, Rancho Cordova, California 95670

ED_006132B_00003645-00001



the 19-August-2020 EPA letter. Both firms responded by expressing their familiarity with these
needs.

To protect confidential business information (CBI), a version with CBI removed will be submitted
through the EPA’s online Geologic Sequestration {GS) Data Tool, while a second version, containing
CBI, will be transmitted through a secure means to EPA.

If you have any questions related to the content of this response or wish to discuss these matters
further, | can be reached via email at rhollis@cleanenergysystems.com.

Sincerely,

o . »"} ,%‘.;} v :

Rebecca M. Hollis
CES Director of Business Development — CNE

Enclosures

CC (via email): Keith Pronske, CES President & CEQ
Natalie Nowiski, Schlumberger NE CCS BD and Legal Counsel
Vivian Rohrback, Schlumberger SIS Project Manager

www.cleanenergysystems.com
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Clean Energy Systems Permit Application No. ROUIC-CAB-FY20-1

1 Additional Information on Formation Use and
Supplemental Figures

Primary Formation Description and Intended Use
Formations of

Interest
Garzas Sandstone The Garzas sandstone member of the Moreno formation represents a major
deltaic complex and overlies the Moreno Shale. This zone will be monitored
for above confining zone migration of (O,

First Panoche Shale The First Panoche Shale is intended to be the primary confining zone that
Primary Confinine Zone will vertically contain most or possibly all the injected CO». Because it is

relatively thin (127 feet) and because its lateral continuity is unproven, this
formation 1s not being relied upon to contain all the injected CO». Currently,
this formation 1s interpreted to be continuous within the model domain,

Fourth Panoche Although not the target of this project currently, this formation may have
Potential CO Injection potential in the future for CO; Injection.
Formation

Table 1:Formation Description and Intended Use

Page 1
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Table

2 Regional

2: Summary of Inconsistences Addressed

Core samples are available from 1 well (NAPA

Geology and AVE A/1, about 3 mi to the east)...”
Geologic

Structure

4 Depth, Areal “The primary confining layer is the Moreno
Extent, and Shale,...”

Thickness of the

Injection and
Confining Zones

5 Hydrologic
and

“...and so the water well summary in that document
does not agree with the application narrative (Section

Hydrogeologic | 5.1.1 of Attachment B)”

Information

6.1 “The table does not indicate which Panoche Sand the
Characteristics | value represents, and the depth is shallower than the
of Injection target formation at the Mendota site”

Zone Formation
Water

6.1
Characteristics
of Injection
Zone Formation
Water

“CES anticipates a salinity of about 25,000 mg/L at
the Mendota site, although 1t is not stated what this is
based on other than possibly a general increase in
salinity moving westward.”

6.2 Mineral
Composition of
The Injection
Zong

“However, Table 7 does not specify which Panoche
sand layers the data represents.”

10 Facies
Changes in the
Injection or
Confining Zones

“The description of the lithology from the B.B. Co 1
well is at a depth corresponding to the Fourth
Panoche Sand. Figure 5 in the application narrative,
however, shows the Second Panoche Sand as the
primary injection formation, with the Fourth Panoche
Sand as an optional formation.”

11 Structure of
the Injection and
Confining Zones

“Future cross sections should show an aerial view
with transects labeled.”

13 Confining
Zone Integrity

“The current porosity and permeability estimates for
the Moreno Shale are 8% porosity and 4.7 mD for
permeability (Table 3). The porosity appears low and
the permeability appears somewhat high for a shale.”

Schlumberger-Private
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Figure 1: San Joaguin basin depositional model showing structural and stratigraphic traps;
The yellow star indicated the proposed Mendota INJ 1 location. (Hosford Scheirer &
Magoon, 2007}
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Figure 2a and 2b: San Joaquin basin depositional model showing three possible depositional
scenarios for the location of Mendota INJ 1. Modified from (Hosford Scheiver & Magoon,
2007)
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DR

4

Figure 2c and 2d: San Joaquin basin depositional model showing three possible depositional
scenarios for the location of Mendota INJ 1. Modified from (Hosford Scheiver & Magoon,
2007)
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ENCLOSURE

Site Characterization Evaluation of the CES-Mendota Class VI Permit Application

This site characterization evaluation report for the proposed CES-Mendota geologic sequestration project
summarizes the geologic evaluation and data submitted by CES in the Class VI UIC permit application
narrative per 40 CFR 146.82(a) and 146.83. It describes and evaluates the available data on which the
permit application for Well Mendota INJ 1 (the proposed injection well) 1s based and identifies
uncertainties that CES will be required to address with pre-operational testing at the Mendota site before
CES will receive an authorization to inject CO,. This evaluation also identifies additional information or
clarification needed for EPA’s continued evaluation of the permit application.

2 Regional Geology and Geologic Structure

The Mendota site is located within the central San Joaquin Basin, situated along the basin’s deepest axis.
The basin contains 25,000 feet of sediment, spanning various changes in sea levels and tectonic settings.
The San Joaquin Basin trends NW-SE and is aligned with the Sierra Nevada at its eastern edge. The
proposed injection zone, the Cretaceous age First and Second Panoche Sands of the Panoche Formation,
and confining layer, the Moreno Shale, pinch out against the Sierra Nevada basement rocks to the east. In
addition to the Moreno Shale, laterally heterogenous turbidite deposits form interbedded shales that act as
stratigraphic traps within the Panoche Formation (page 15). The central San Joaquin Basin is shown in
depositional model in Figure 3 and cross section in Figure 4 (page 16) and stratigraphic column in Figure
5 (page 17). In this part of the basin, the subsurface dip is approximately 4 degrees to the SW (page 18).
CES delineated a pressure-based area of review (AoR) that extends over a 2.2 square miles surface area to
the northeast of the proposed injection well (it is all within a 2-mile radius to the northeast).

The permit application is based on log data from 10 wells to the north, east, and south of the proposed
injection well. Resistivity logs were run in all 10 wells; most also have spontaneous potential (SP) or
compressional slowness (from acoustical logs) or both; 3 have gamma ray, bulk density, and neutron
porosity logs. Core samples are available from 1 well (NAPA AVE A/1, about 3 mi to the east). While
there are no well data to the west of the proposed injection well, CES acquired 2D seismic data for areas
to the west.

3 Faults and Fractures

To evaluate the faults and fractures in the region and in the AoR, CES gathered faulting data from public
sources and interpreted them locally across three 2D seismic lines (Figures 16-18). These seismic lines
are shown in three dimensions in Figure 19 (page 31). Most of the faults in the area are small throw
features, with a few exceptions. Faults 1 and 2 trend north and separate the Mendota AoR from the Gill
Ranch Field to the east. These are shown in the seismic line in Figure 16. The location of Fault 1 is
indistinet, and more information is needed for accurate positioning (page 26). Faults 3 and 4 are located
nearer to the proposed injection well and have small normal displacement, but do not appear to extend
above the Third Panoche Formation. Fault 13 dips approximately 30 degrees SE and passes below the
Mendota INJ 1 well injection target at a depth of 9,850 TVDSS. The exact nature of this feature 1s
unknown, but because its dip orientation is perpendicular to the regional principal stress direction of
~N45E, CES interprets the fault as strike-slip or due to wrenching or differential settlement in the basin

(page 26).

Page 9
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A fault seal analysis was conducted on Fault 13 using a geocellular model. Based on this analysis, CES
concluded that sediment displacement across the fault is likely low, and that injected fluid will therefore
be confined to the Second Panoche Sands injection zone. If sediment displacement is high, injected fluids
may migrate but would be limited to zones below the Moreno Shale because the clay from the Moreno
would smear along the fault during displacement (pages 26-27). The clay content, based on Fault Clay
Prediction, is shown in Figure 22 (page 33). At this time, no hydrocarbons have been identified in
exploration wells to determine whether the fault is sealing. Furthermore, CO: plume simulations show the
plume migrating to the northeast, away from Fault 13 (page 27).

3.1 Questions/Requests for CES:

o What are the Slue lnes that trend NW-SE in Figure 147 Do these vepresent

¢ & R S AR Iy A 4
ffreedts, and i so, which
N
SHREN S

o Fhe text on Figures 16209 is diffiosdt o vead In parsicular, i is nor possidle wo idensifv Faudis 1, 2, 5,

£ and 13 on Fipwre 190 dre fugher resolution figurees ovailuabie?

clsmic survev?

o Determine the positon of Fault 1 via 30 seismic data

5 5

o Determine the nature of the displacement of Faudi 13,

Page 10
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4 Depth, Areal Extent, and Thickness of the
Injection and Confining Zones

The Panoche Formation is regionally located at 8,000-12,000 feet below ground surface (bgs). Based on
the stratigraphic column (Figure 5), the Second Panoche Sands (the primary injection zone) is
approximately 8,900-10,000 ft bgs. A second, potential injection zone is the Fourth Panoche, located from
about 10,900-12,500 ft bgs. These intervals are also shown on the cross section in Figure 6. Section 2.2 of
the application narrative states that the proposed injection targets are the First and Second Panoche Sands,
whose tops are estimated at depths of 8,437 and 8,918 fi bgs, respectively. Formation surface maps
(Figure 12) and isochore maps (Figure 13) show that all units are laterally continuous across the region.
According to the isochore maps in Figure 13, the First Panoche ranges in thickness from about 275 to 750
ft across the S-mile radius from the Mendota site, the Second Panoche ranges from 780 to 1,170 fi, and
the Fourth Panoche ranges from 1,400 to 2,500 ft.

The primary confining layer is the Moreno Shale, which is regionally located directly above the Panoche
Formation at 7,000-8,000 ft bgs. On the stratigraphic column in Figure 5, the Moreno Shale is located at
7,350-8,450 ft bgs (page 17). According to the isochore map in Figure 13, the Moreno Shale ranges in
thickness from about 500 to 1,650 ft across the 5-mile radius from the Mendota site.

Secondary stratigraphic seals are provided by shales within the Panoche Formation. According to Figure
5, the First Panoche Shale is from 8,800-9,000 ft bgs, and the Third Panoche Shale is from 10,300-10,900
ft bgs. According to the isochore maps in Figure 13 (page 25), the First Panoche Shale ranges in
thickness from about 60 to 190 ft across the 5-mile radius from the Mendota site, and the Third Panoche
Shale ranges from about 200 to 1,100 fi.

The north-south trending cross sections are corroborated by the 2D seismic data, in terms of dip and
approximate formation depths. The images based on seismic data do not show the separate shale layers
within the Panoche Formation, whereas the cross-section does. This will be confirmed via pre-operational
testing and the planned 3D seismic survey.

Page 11
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The table below summarizes the depth and thickness of the formations of interest.

Unit Depth Approximate thickness across
AoR (Figure 13 isochore
maps)

Moreno Shale 7,332 ft bgs (Narrative pg 18) 500-1,650 ft

First Panoche 8,437 ft bgs (Narrative pg 18) 275-750 ft

First Panoche Shale 8,800 ft bgs (Figure 5) 60-190 ft

Second Panoche 8,918 ft bgs (Narrative pg 18) 780-1,170 ft

Third Panoche 9,950 ft bgs (Figure 5) 150-750 ft

Third Panoche Shale 10,300 ft bgs (Figure 5) 200-1,100 ft

Fourth Panoche 10,900 ft bgs (Figure 5) 1,400-2,500 ft

4.1 Objectives for Pre-Operational Testing:

&)

Confirm thicknesses and deprhs of the injection and confining zonss af the Mendoia site through
frewtTer FEWt e oTieiey S ed Pyadeiiviv o3 iy e ISP SR S NN S SO B S S S S o §F - g
setymic imaging and information gained during drilfing of the proposed injection well and deep

monitoring well

5 Hydrologic and Hydrogeologic Information

The lowermost underground source of drinking water (USDW) is an unnamed interval within the Santa
Margarita Formation that is estimated to be present around 1,600 ft bgs (page 18), or 1,415 ft TVDSS
(page 57); this is located 7,165 feet above the top of the Second Panoche Sands (page 59). The total
dissolved solids (TDS) content was determined by applying Archie’s equation to the resistivity logs of 5
wells to the north and south of the Mendota site to determine TDS values. CES states that calculated
salinity indicates that the base of the USDW is between 1,200 to 1,450 feet TVDSS. Uncertainties in this
estimate include formation porosity, Archie equation parameters (standard parameters were used for
now), and the effects of clay (page 57).

According to field data sheets for wells located in nearby oil and gas fields, the Jergins Formation at
Cheney Ranch and the Blewett Formation at Merril Ave have salinities of 8,500 and 15,000 mg/L,
respectively. The Jergins and Blewett Formations are in the Moreno Shale. Salinities of these sands at the
Mendota site will need to be confirmed via sampling and analysis during drilling of the characterization
well.

CES retrieved shallow groundwater well information from the California Department of Water
Resources. There are 525 active and non-active water wells within a Smile radius of Mendota INJ 1,in
all directions from the proposed site. Accurate locations of these wells are not known at this time. The
wells range in depth from 50 to 500 feet. Their water levels, which were recorded at the time of drilling,
were used to estimate groundwater elevation and flow direction. At the Mendota site, the shallowest
groundwater is around 32 feet bgs (114 ft TVDSS). The San Joaquin River flows north south and is 0.6
miles east of the site. For the AoR and Corrective Action Plan in Attachment B, CES used a fixed well
search radius of 2.5 miles in order to account for uncertainty in the model, and so the water well
summary in that document does not agree with the application narrative (Section 5.1.1 of Attachment
B).

Page 12
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5.1 Questions/Requests for CES:
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5.2 Objectives for Pre-Operational Testing:

o Sumpde formation water coflecred during drilling of the infection and
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o
- 7 Y NP PO A Liden 43 A A vy NEvevies o7 i
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6 Geochemistry

6.1 Characteristics of Injection Zone Formation Water

There was no available formation water information in the Panoche Formation at the Mendota site.
Available formation water information from nearby oil and gas fields shows that TDS 1s 20,900 mg/L in
the Panoche Formation at Gill Ranch, and 14,000 mg/L in the Moreno Shale at Cheney Ranch (Table 6).

There appears to be only one data point in the table for the Panoche Formation, at Gill Ranch, which is
approximately 6.5 miles to the northeast of Mendota. The table does not indicate which Panoche Sand the
value represents, and the depth is shallower than the target formation at the Mendota site. The text states,
however, that there are wells at Gill Ranch that penetrate through the Fourth Panoche Sand. CES
anticipates a salinity of about 25,000 mg/L. at the Mendota site, although it is not stated what this is based
on other than possibly a general increase in salinity moving westward.

CES states that logs from wells in the AoR do not indicate that any sand unit has formation water fresher
than the Panoche Formation and acknowledges that this is an area of uncertainty. CES also states that
formation water sampling for the Panoche Formation and overlying sands is included in the proposed
testing plan in Attachment G. The plan indicates fluid testing for geochemistry in both the proposed
injection well and observation well. Table 10 of the Testing and Monitoring Plan identifies analytical and
field parameters for fluid sampling in the injection zone. It includes TDS along with a suite of other
parameters.

6.1.1 Questions/Requests for CES:

$17 s mdE $ostos e fsomy 533 Fobnia X EBrecod o T sied v it A weid feae S 5 e vtz R
Were any of the data valuey in foble & bused on fiid sampling ov well logy? I 5o, bow many datw

gy
SR

poins do the values repres

The data point from GiF Ranch iv 0.3 mules gway and represents u depih shallower ihan the Mesdois
z. s

v gpproximately 12 miles sowchwest of the Mendota site. Please

injection zone. Cheney Kanch

¥ 5

provide informaiion io demonstrate the degves fo which data from shese fields are represemiative of

the Mendota sife.
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6.1.2 Objectives for Pre-Operational Testing:
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modelfing and derermine whether availobie date from nearby flelds is represeniarive of the Mendoia
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site. The analytical parameters showld magehfprovide o baseline for funure festing and monitoring

6.2 Mineral Composition of The Injection Zone

Mineralogic information for the injection zone comes from the Fourth Panoche Sand at the B.B. Co 1
well, which is in the AoR (within 2.5 miles northeast of the proposed injection well). The estimated
mineral composition for the Panoche Formation described in Table 7 is proposed for geochemical
modeling. However, Table 7 does not specify which Panoche sand layers the data represents. Data
specific to the targeted injection zone (i.e., the First and Second Panoche Sands) at the Mendota site will
be needed.

b for the Poanoche Farmation ssed in genchemical

Toble 7) Estimared sineral compoxition iwr
PR 0N P
mndeling

Trace

The testing plan in Attachment G describes planned core analysis by x-ray diffraction for core samples in
both the proposed injection well and deep monitoring well.

Page 15

Schlumberger-Private

ED_006132B_00003645-00019



Clean Energy Systems Permit Application No. ROUIC-CAB-FY20-1

6.2.1 Questions/Requests for CES:

2

wed and from what depths?

ased 1o He anal

i core samples besides XRID vo documens the

he fnfection zone {e.g., polarized light microscopy)

o faes CES propose vo perform other analysey of

mingraingy of f

6.2.2 Objectives for Pre-Operational Testing:

o Ubtain o mineralogic analvsis of the infe

ctivn zone and confining rovne sofids that represents the
Mendowa sive,

/ Geomechanical and Petrophysical
Characterization

Petrophysical properties of the injection and confining zones were estimated using the well log data from
10 wells to the north, east, and south (primarily to the east) of the proposed injection well drilled between
1942 and 1987 (Table 2); the data were analyzed using Techlog software. Only two of the wells listed in
Table 2 are within the 5-mile radius as shown in Figure 8--these are B.B. Company /1 (2.32 miles to the
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northeast) and Sterling-Coleman/1 (about 4 miles to the southeast).

The well log data were upscaled and used as the basis for populating properties throughout a geomodel,
which ultimately supports numerical modeling of the Mendota site.

On page 34, CES states that “The petrophysical workflow involved building a model using well log data
from NAPA AVE A/I calibrated to core data for the same well (TGS, 2019).” The NAPA AVE A/1 well
is 3 miles east of the site.

Questions/Requests for CES:

{riven thai ihe available porosity and permeabifity vahees are baved on fogs from 18 we
ages and spread over severad miles, what Information iy available 1o demonsivaie that these

Sy coveedsio st moEy 2 F e E "4 8 3 Y TS SR 23 sfFde s Fin R
comparable and represeniuiive of the Fanoche Formation within the AoR?

§75 sth e d i o) s o Saos v A oy i e wierdd feser overd tey Fdies oerver oY
Wit merhodis) wasdwere used o calibrate the well log dura fo the core de

What i3 the ervorfyariability associared with these methods?
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o WHT the same methodis) be wsed o calibvare the cove data fo the well log data af the Mendota site?

7.2 Objectives for Pre-Operational Testing:

Crather site-speci

foomeasuremants during driffing of the proposed infection well and ¢ maniioving

)

well of capiliary pressure, and information on fractures,

P s crmed T oifes $8sei8 R G ) R iy 2 eymtie ¢ ey 5
prapersics, and in @ity fuid pressurey within the confining zon

SORE (Riesriiv.
[ o

Porosity

The average Panoche Formation porosity estimates range from 20% in the First Panoche Sand to 10% in the
Fourth Panoche Sand (Table 3). Average estimated porosity in the primary injection zone, the Second
Panoche Sand, is 18% (page 39). The Moreno Shale is estimated to have an average porosity of 8%.

Total porosity of the injection zone was determined from bulk density or compressional slowness (run in 5
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wells to the east and southeast of the proposed injection well). The clay volume (VCL), estimated from
spontaneous potential or gamma ray logs (run in 10 wells), and irreducible water were then used to estimate
effective porosity; the water associated with clay minerals and irreducible water must be removed from the
total porosity to estimate effective porosity. CES acknowledges that there is uncertainty in the estimated
effective porosity because an empirical relationship was used to estimate irreducible water.

7.3 Questions/Requests for CES:

When is the empivicod relotionship that was used 1o estimaie frveduci

Ji“

&)
<

& er? How mu

&f

HROCE !m;?!‘e does this :H(muhw"n;/ eniail?

o Forthe VO ‘
shows J64-22% porassiim ;eim;/w in the wm?)m 8
vafues from ganima ray fogs? diso, what uni «,mef;!,f/ W

sand and shale for the VO ¢

The applicaiion narraiive siares, on page 34, that VUL fog values greater than 309 were consideres
fo e shule and arviling fess than 30% VUL was flagged az sand, What is the basis jor iy

interpretation?

o How man

for povosity are proposed fo be performed with cores from drilling of the
proposed mjectio /

{
N N
SHE GG 58
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7.4 Objectives for Pre-Operational Testing:

o Obiain faborarory cove dota on povosity af the M
confivm the repr

gndolg site for the injection and confining rones 1o
he availahle daia feom ;;earm aif fields, suppaort cafibraion fo well

fogging deva, and support Jf)‘s/cmgm;f wi of the porosity distribugion in the geomodel
o Obtain cove and well log dare that will help idenrifv vertica! heterogeneiny i povosity,
o Oicin well jogoing data o support log-buased porosity coleulations and calibratiom 1o core analvses,
< Vv esfimaies of rveducible water that were presented in the permit applicasion,
O
Permeability

The Panoche Formation permeability estimates range from 300 mD in the First Panoche Sand to 87 mD
in the Fourth Panoche Sand (Table 3). Estimated average permeability in the primary injection zone, the
Second Panoche Sand, is 290 mD (page 39). The Moreno Shale is estimated to have an average
permeability of 4.7 mD (page 39).

Page 38 of the application states that: “The intrinsic permeability was estimated based on the porosity and
lithology of the formation (Herron, 1987) using the wells around Mendota INJ 1 (Figure 29). The
lithology model consisted primarily of Quartz, Clay and Feldspars based on the core from NAPA AVE
A/1. The relationship of porosity vs permeability is show in Figure 30. The average permeability of both
the injection and confining zones is shown in Table 3 and Figure 31 shows the spatial variations in
permeability thickness (KH) for the different formations.”

7.5 Questions/Requests for CES:

23

o How many analyses for permeabifity are proposed to be performed with cores from drilling of the
propased infection well and observation wefi?

Cfacies fogs T fe g, on page $01 Doy thiy veler fo the VUL data devived from the
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7.6 Objectives for Pre-Operational Testing:

2.

Obiain luboraiory corve daie on perie eabifitv af
the represeniaiiveness of the available

site for the fnjection and confining tones
ifivm  wearbv off flelds, support calibration 1o
well logging datw, and support developmeny of th meiww***ﬁ v distribution in the geomaodel

£

&)

£
i
¥
&3
&
;2
e ve

o Obrain well logging dava 1o support log-based permeability colcularions and calibration 1o core
anadyses,

H

o Dbfain cove and well log duta that will kelp identify verticad heterogeneity in permeabiiiiy,

8 Mineralogy, Petrology, and Lithology of the
Injection and Confining Zones

The Panoche Formation consists of layers of deep marine shale and submarine fan deposit intervals (page
15). Although the target injection zones are the First and Second Panoche Sands at the proposed injection
site, CES bases their description on a core sample from the Fourth Panoche Sand (Depth: 11,422 — 11,471
ft) taken at the B.B. Co Well 1 located 2.32 miles from the storage site. (page 64; Attachment B, page 20).
The Panoche Sands contain a mixture of sandstone and conglomerate. The sandstone contains mostly
coarse, poorly sorted quartz and feldspar grains, cemented by calcite. There is also an abundance of
biotite with low amounts of chlorite, muscovite, and pyrite (page 64). This analysis is consistent with a
sample taken from NAPA AVE A/1 located 9 miles from the site at depths between §,200-8,751 fi,
roughly correlating with the depth of the proposed injection zone (page 34).

Table 4 shows that the lithology of the NAPA AVE A/1 sample, obtained through core X-Ray Diffraction
(XRD) consists primarily of quartz, clay, and feldspars (page 39). Uncertainties include lateral conformity
to the site, leading to potentially different minerology and reservoir properties. CES plans to sample a
core at a characterization well (page 27). CES has done initial geochemical modeling to address the
potential for mineral precipitation and dissolution, with possible changes in porosity and permeability.
Future cores should include samples from the confining layers, with measurements of mineral
composition.

8.1 Questions/Requests for CES:

o The NAPA AVE 477 sample is token af a Jdep f,!"ia‘;;f? enrreis
‘ ] shale fociey vary zfgg‘ vl extent an
Gon zong sample ke f" o NAFA A4 s anadogous o the vite injection
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8.2 Objectives for Pre-Operational Testing:

It wd e o e g Forage cduipevanyy sodaer P duniy gad fa oy O P SN Y P I S T P Sy F 3
o Oain core samples dwring drifling of the proposed tnjection well and deep monitoring well io

ithologics of the injection and confining =¢ he Mendota site,

i

&}

9 Seismic History and Seismic Risk

The Mendota site is located near the center of the San Joaquin Basin, which is less tectonically active than
the margins of the basin. Historical earthquake data were obtained from the USGS Earthquake Hazards
database. All earthquakes in the region since 1900 with a magnitude greater than 2.5 were taken into
account. Major fault systems in the region include the San Andreas Fault approximately 40 miles to the
southwest and the San Joaquin and Ortigalita fault systems approximately 15 to 20 miles to the south and
west. The nearest cluster of quakes, all less than 5.0 magnitude, occur along the San Joaquin and
Ortigalita faults and are shown on the map in Figure 42. The largest nearby quake was the Coalinga
Quake with a magnitude of 6.7 in 1983, located approximately 36 miles south of the Mendota site (page
53). The nearest to the Mendota site were three small quakes (<3.0 magnitude) between ~2.5 to ~5 miles
away; the most recent of these occurred in 1998 (Figure 43). The application states that the relative risk of
the proposed site is low compared with the active zones associated with major faulting (page 53). In order
to more fully assess seismic risk at the Mendota site, more information will be needed about local stresses
and fracture networks (page 54).

9.1 Questions/Requests for CES:

The application, on page 33 stafes, that the “relative visk of the proposed site 1y fow compuared with
# > IS o £ £ ¢

&)

cons Clarifv fiow the seismic risk profile jov the

e

P
59

ve zones associated with mujor fudiing,

Sy N SO 3V 5 SN spfd e § ey e o eyt e Ny B N s g
Site wili 8¢ {i?f(ziif,,ff;eei pariicuiary 5)’ 18 I8¢ ConbeXx] OF & SEISRUCAIY GUiIve Fegian.
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9.2 Objectives for Pre-Operational Testing:

fe geomechanical information ’sj”f% e sonic logs), formation microinape

A2 F

A ,5,;' logs, and

& BLORIIGE

weismic visk (o inform setiing of operafing conditions

10 Facies Changes in the Injection or Confining
Zones

The facies descriptions and depositional history as described in the permit application are consistent with
the presence of interbedded shales and submarine fan deposits, including a lenticular shape for the
sandstone units.

The description of the lithology from the B.B. Co 1 well is at a depth corresponding to the Fourth
Panoche Sand. Figure 5 in the application narrative, however, shows the Second Panoche Sand as the
primary injection formation, with the Fourth Panoche Sand as an optional formation. Given the latter, and
the vertical heterogeneity inherent in a shallow marine environment with turbidites and shallow marine
shale facies, the lithologic characteristics of these two sands and the surrounding shales at the Mendota
site will need to be confirmed during the pre-operational testing program. This would help identify any
facies changes that could provide potential preferential flow paths (i.¢., high permeability zones) or
otherwise affect containment and fluid movement.

CES has indicated that 3D seismic profiling and a characterization well will help in assessing the extents,
thicknesses, and lithologies of the injection and confining zones.

10.1 Objectives for Pre-Operational Testing:

YHorep oy yopion 18 vy i i ¢ > vophried N { o oviomic it sreed
o Chavacterize the geoslogic units, inchwling the geometry, thicknesses, and extenis of the sand and

shale unpiss and confirm that these are consisfoni w f;’; current undersiunding of the depositionad

history and facies changes expected af the Mendoiu site bused on the 313 seismic survey.
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-~
[
Py
\w,
m,

crmine if theve are any heferogensiifes within the Second Panoche Sundy that conld gffect iis

.,s‘u;‘!aiff;“fs’{x{,fbf' infection, including facies changes that could fucilitate prefereniiaf flow.

o Collect sefsmic, core, and well logging date thay will support characterization of subsurface

P

and refinement of o

aoteragenaly

1 Structure of the Injection and Confining Zones

The Panoche Formation and the Moreno Shale formations were deposited at the same time as the Great
Valley deposits in the east and pinch out against basement rock to the east as shown in Figure 3 and
Figure 4 (Bartow, 1990) (Scheirer, 2003). It is difficult to confirm the pinch out as a sealing factor from
Figure 4 (page 16). CES states that models of depth, thickness, and areal extent of the injection and
confining zones were created using well and 2D seismic data that were incorporated into a geomodel in
Petrel (page 33). Future cross sections should show an aerial view with transects labeled.

The current information on the general geometry of Fault 13 is shown in Figure 22. There are, however,
uncertainties regarding its characteristics (e.g., displacement, sealing capabilities). CES plans to clarify
the fault’s location and characteristics.

CO; plume simulations show the plume migrating up-dip to the northeast, away from Fault 13 (page 27).
The regional dip of this and other formations is noted as being about 4 degrees to the southwest (page 18;
Figures 16 and 17). On page 71, however, the text states that ““...The regional dip of this [the Panoche]
and other formations is to the northeast; this implies that the injected CO- will migrate approximately 2
miles to the northeast (Section 3).” The text on page 71 may be in error as it is inconsistent with other
sections of the text and with the figures and cross sections.

11.1 Questions/Requests for CES:

feave clarifv if the text on page 71 regarding the dip to vhe NE s in evror a3 i iy tnoonsistent witd

discussion in ofher sections and with %Mn:f figures.

Wheg are the pimary mechanivms for lnterel confinemeni? Is it baved solely on sand pinch oud? ifso,

8]

idanice i confirm the pinch out gy a sealing factor {az this is not endivelv clear |

Page 24

Schlumberger-Private

ED_006132B_00003645-00028



Clean Energy Systems Permit Application No. ROUIC-CAB-FY20-1

of fateral confinement?

11.2 Objectives for Pre-Operational Testing:

o Verify fanlt locatinns and sealing properties based on the vesults of the 313 selsmic suvvey.

o Confinm the loterad thickness and homogenaiiy of infeciion fargeis.

y

12 CO2 Stream Compatibility with Subsurface Fluids
and Minerals

Section 2.8.4 (page 65) and 2.8.5 (page 66) describe the geochemical model setup and reaction path
simulations that were performed to assess interactions between the injectate and the formation solids and
fluids. Modeling was done using the geochemical modeling program Geochemist’s workbench.
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CES notes that the simulations show a net reduction of rock mass and volume. This would result in
increased porosity and (potentially) permeability.

CES should update the initial geochemical modeling effort when new data on fluid chemistry and
mineralogy are available from the formation testing. Potential effects of water-rock interactions on
porosity and permeability may require more refined modeling and will not be fully known until the
operational phase of the project.

12.1 Questions/Requests for CES:

OFGEONY SXPEY imenis be

I7cEE s e R SR ST T TR Soa T ET s HTEES ey T K
o Wil the gutoclave festing mentioned in the application or any oiher lu

3
o help vefine the modeling?

o W swrfuce area (BET measuremenis be done to refine the maodaling?

E8fjectives for Pre-Operational Testing:

o data, pressuve, iemperaiure, and pH conditions of depth
cin the charaoierizasion and monitoring wells 1o provide

Cenerate s‘“fdwe :f;’s‘!»”i' wm’ ?355‘565’5 3gg
Vit COYe Samp v

s io the

13 Confining Zone Integrity

The integrity of the upper confining zone (Moreno Shale) is based on the thickness and continuity of the
unit from seismic and other information, the presence and properties of faults and fractures, and
information on petrophysical and lithologic characteristics from available core and well log data.
According to the isochore maps in Figure 13, the Moreno Shale ranges from 800-1,650 feet thick in the
proposed AoR (page 40). This will be confirmed during testing.

The current porosity and permeability estimates for the Moreno Shale are 8% porosity and 4.7 mD for
permeability (Table 3). The porosity appears low and the permeability appears somewhat high for a shale.
These need to be confirmed with site-specific data collected during pre-operational testing. Other
parameters relevant to confining zone integrity include the capillary entry pressure, which was estimated
using the Van Genuchten model because of the absence of laboratory measurement (page 50). CES notes
that other tests to assess confinement zone integrity include formation microimage log measurements and
drill stem testing (DST) or Modular Dynamics Tester (MDT) stress testing (page 50).

13.1 Objectives for Pre-Operational Testing:
o Lonfirm mineralogy, povosity, permeability, capifiory eniry pressure, und geomechanical properties
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af the Moveno Shale based on cove sempling and laboratory meaywrementy fo confivm thar §
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15 Appendix A: Updated Figures
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The following Figures have been removed as they contain Confidential Business Information.
These images will be sent directly to the EPA.

Figure 4: CONFIDENTIAL BUSINESS INFORMATION: W-S8J-202 2D seismic line (depth) with
interpreted horizons and faults. This image displays (SEIL, 2019) data and it is marked as Confidential
Business Information.

Figure 5: CONFIDENTIAL BUSINESS INFORMATION: W-5J-209 2D seismic line (depth) with
interpreted horizons and faulis. This image displays (SEI 2019) data and it is marked as Confidential
Business Information.

Figure 6: CONFIDENTIAL BUSINESSY INFORMATION: W-5J-013W 2D seismic line (in depth) with
interpreted horizons and faults. This image displays (SET 2019) data and it is marked as Confidential
Business Information.

Figure 7: CONFIDENTIAL BUSINESS INFORMATION: 3D View (facing SE) of interpreted faulis on
the 2D seismic lines and Basement surface. Dotted lines are projected faulis (color coded by horizon) or
projected fault plane. A legacy Gill Ranch field structure map is inserted at the Second Panoche. This
image displavs (SEI, 2019) data and it is marked as Confidential Business Information.

Figure 45: CONFIDENTIAL BUSINESS INFORMATION: USDW estimated using resistivity
measured in wells near the Mendota site. This image displays (IHS, 2019) data and it is marked as
Confidential Business Information.
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Figure 47: Potentiometric map of the approximate shallowest groundwater surface
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16 Appendix B: Support Requirements: Endangered
Species Act
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an Ecological Consulting Firm

September 28, 2020

Larry Trowsdale

Clean Energy Systems, Inc.

3035 Prospect Park Drive, Suite 120
Rancho Cordova, CA 95670-6071

RE: Scope and Budget for Biological Resource Survey and Report for the CES Mendota
Biomass Power Plant Project in Mendota, Fresno County, California.

Dear Mr. Trowsdale:

Per your request, Live Oak Associates, Inc. (LOA) has prepared this scope and budget to conduct a
biological resource survey and report for the CES Mendota Biomass Power Plant Project in Mendota,
Fresno County, California. This work will address biological resource issues as required by the
California Environmental Quality Act (CEQA) and the Endangered Species Act (ESA).

LOA has reviewed the RFP materials, email clarifications, site location, and IPaC resource list
from the U.S. Fish and Wildlife Service for the project. Surveys and documents produced for this
project will follow CEQA and EPA requirements. As we understand it, the proposed biological
surveys and evaluations are planned to take place over at least two phases. The focus of Phase 1 will
be on-the-ground biological surveys and evaluation of the 71-acre Mendota biomass plant site and a
desk-top evaluation of the projected plume area as provided in the RFP materials; together, these
areas have been identified as the Area of Review (AOR). At the time of this proposal, the AOR
boundary has not been solidified, however the RFP materials did provide a figure for reference.
Phase 2 includes biological surveys and evaluations of multiple monitor well sites within the
projected plume area as well as multiple seismic testing wells both within and beyond the projected
plume area. As the number and locations of well sites Phase 2 may encompass is yet to be
determined, the scope and budget of Phase 2 within this proposal cannot be precisely determined,
therefore, we have included some guidelines and approximations for the scope and budget for Phase
2 surveys and reports.

PHASE 1: MENDOTA BIOMASS SITE EVALUATION AND DESKTOP EVALUATION
FOR PROJECTED PLUME AREA

Phase 1 consists of a full evaluation for the 71-acre Mendota Biomass site as well as a desktop
evaluation for the projected plume area. It is important to note that the projected plume area and
AOR have yet to be solidified at the time of this proposal and will be evaluated at a
programmatic level during Phase 1. The results of Phase 1 will inform CES in order to help CES
to determine specific well sites; those well sites, once identified, will be further evaluated during
Phase 2.

San Jose: BEAG Via Dal Oro, Suile Z30 « Son jose, CABE1EE » Phone: {08} 324-8308 s Pawe {408} 224-1411
Dsbchurst: PO, Box 3687 » 33830 Sleres Way, Suilts B+ Oslburst, CA S36844 » Fhone {359 8434880 » {553} 843-4883
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Task 1a. Project Management. Due to the complexity in managing and scheduling for this
project, some amount of time has been budgeted for project management.

Task 1b. Background and Desktop Evaluation. LOA will review all available databases and
sources of information relevant to the project vicinity. This includes aerial photographs of the
project site, USGS topographic maps, U.S. Fish and Wildlife Service National Wetland
Inventory Maps, the California Natural Diversity Database, other technical literature related to
the biotic resources of the project vicinity, regional planning documents (e.g., City of Mendota
policies, etc.), species data compiled by the California Native Plant Society, the National
Audubon Society, or other public interest groups, and resource agency data (e.g., U.S. Fish and
Wildlite Service and the California Department of Fish and Wildlife). Additional focus will be
given to a programmatic desktop review of the projected plume area.

Task 1c. Field Surveys. An LOA wildlife ecologist and an LOA plant and wetland ecologist
will conduct a field survey of the 71-acre Mendota biomass site. This survey will be used to
identify habitats present onsite and to determine if the site supports potentially suitable habitat
for any special-status plant or animal species which are known to occur regionally. Issues related
to any special-status habitats or species will be identified.

We are not proposing to conduct any species-specific surveys or a wetland delineation at this
time as we believe the approach discussed above should adequately address (for CEQA
purposes) the likely presence or absence of sensitive habitats and special status plant and animal
species. Should any further assessments of the site become necessary or desired (e.g., species-
specific surveys, wetland delineation, etc.) they will be covered under a separate scope and
budget.

Task 1d. Report Preparation. The results of the field survey and background review and
desktop survey will be compiled in a Biological Resources Report. This report will identify
existing habitats on the site and presumed habitats within the plume area, discuss the suitability
of the site and plume area to support habitat for special-status plant or animal species, identify
potential impacts to biotic resources of the site, plume area, and region, recommend additional
surveys (if appropriate), and give guidance as to what typical mitigation measures would be for
any project impacts.

It is important to note that the report will be at a programmatic level for the plume area, as access
would likely not yet be granted yet and we understand this report may be instrumental in
determining well locations in order to avoid impacts to biological resources identified in the
report.

Phase 1 Schedule and Cost Estimate. We propose to conduct Tasks 1a-1d on a time-and-
materials basis for a not-to-exceed cost of] The fieldwork for this project would be
completed within three weeks of the notice to proceed and the Biological Resources Report
would be completed within two weeks of the fieldwork. We expect 40% of the budget to be
spent by the time the fieldwork is completed which would include the background, part of the
desktop analysis, and part of the report writing. We expect the other 60% of the budget to be
spent with the completion of the Biological Resources Report. An hourly rate sheet has been
included with this proposal.
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PHASE 2: MONITORING AND SEISMIC WELL LOCATION EVALUATIONS

As the number and location of monitoring and seismic well locations are currently unknown, and
we expect locations of these wells may be influenced by the results of Phase 1 work, the precise
scope and budget cannot be determined at this time, however, we have included some guidelines
and assumptions for the tasks related to the projected plume area, therefore, we have included an
estimated cost for Phase 2 tasks within the scope stated in each task and allowed for additional
budget should additional work become necessary. The following scope would only occur upon
authorization of Clean Energy Systems, Inc. The following proposed scope constitutes Phase 2:

Task 2a. Project Management. Due to the complexity in managing and scheduling for this
project, and due to the unknown magnitude of work related to Phase 2, we have allowed for 2
hours of project management time for our Principal and 5 hours of project management time for
the Project Manager. Should a significant amount of additional project management time become
necessary, that time would be billed on a time-and-charges basis.

Task 2b. Field Surveys. We assume all well locations will be accessible for field surveys within
the same timeframe. For budgeting purposes, we have figured a maximum of 50 well locations
and two field days for both an LOA wildlife ecologist and an LOA plant and wetland ecologist to
survey these well locations. These field surveys will evaluate each of the proposed well
locations, a suitable distance around each location, and the off-road access routes to those wells,
if routes are known at the time of the survey. Due to the large size of the AOR and potential
complexity of the well locations, this task also includes our cartographer producing field maps
for ecologists prior to their field surveys. Should access to well locations take longer than two
days, we have estimated- for each additional day needed to conduct the field surveys for
all well locations.

We are not proposing to conduct any species-specific surveys or a wetland delineation at this
time. Should any further assessments of the site become necessary (e.g., species-specific
surveys, wetland delineation, etc.) they will be covered under a separate scope and budget.

Task 2¢. Biological Resources Report Addendum. LOA will prepare an addendum report
which is intended to be added as an attachment to the original Biological Resources Report
which will document the results of the field surveys for the proposed well locations. This report
will include a chart with each of the proposed wells and the measures in the Biological
Resources Report which apply to each of them with. Maps within this addendum would focus on
proposed well locations and any special status species or wetlands at or near the proposed well
locations identified during the field surveys. This addendum will also identify any unforeseen
issues related to biological resources not already identified by the original Biological Resources
Report, and if any unforeseen issues are identified, the addendum report will include appropriate
mitigation measures for those issues.

materials basis for a not-to-exceed cost of] with the potential for the additions of hourly
cost over and above stated hours for Task 2a and an additional” for each day of field work
added to Task 2b. The fieldwork for this project would be completed within three weeks of the
notice to proceed and the Biological Resources Report would be completed within two weeks of
the fieldwork. We expect 60% of the budget to be spent by the time the fieldwork is completed.
We expect the other 40% of the budget to be spent with the completion of the Biological
Resources Report Addendum. An hourly rate sheet has been included with this proposal.

Phase 2 Schedule and Cost Estimate. We iroicose to conduct Tasks 2a-2¢ on a time-and-
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Meetings and Hearings. We have not allowed time for additional conference calls, meetings or
hearings. Should our presence be required at any such engagements, our time would be invoiced
on a time-and-charges basis using our current billing rates.

We thank you for considering our firm and look forward to providing ecological services to you
on this project. If you have any questions or concerns regarding this proposal, please contact me
at your earliest convenience at (408) 281-5889 or Rick Hopkins at (408) 281-5885, at your
convenience.

Sincerely,

Katrina Krakow, M.S.
Project Manager
Staff Ecologist

Proposal Acceptance

If you approve this proposal’s scope of work, cost, Standard Terms and Conditions, please sign
and return one copy of this proposal to our office at your earliest convenience.

Accepted By: Date:  28-Sep-2020

Printed Name: Rebecca Hollis Title: Director BD - CNE
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16 September 2020

Mr. Larry Trowsdale

Clean Energy Systems, Inc.
951 East Skylark Avenue
Ridgecrest, CA 93555

RE: Mendota Carbon Capture Project, Mendota, Fresno County, California

Dear Mr. Trowsdale:

ASM Affiliates, Inc. is pleased to provide this proposal to conduct a Class Il cultural resources
inventory/Phase I survey for the Mendota Carbon Capture and Storage Project, Mendota, Fresno
County, California. The proposed scope of services outlined below assists with fulfilling the
regulatory requirements for compliance with the California Environmental Quality Act (CEQA)
and Section 106 of the National Historic Preservation Act (NHPA), as amended, including those
outlined by the Environmental Protection Agency. Our proposed scope of work, estimated cost,
and schedule are described below. This proposal shall remain valid for 90 days from today’s date.

Scope of Work

David S. Whitley, Ph.D., RPA, will serve as Principal Investigator for the project. We will obtain
a standard turn-around records search at the Southern San Joaquin Valley Information Center (IC),
located at the California State University, Bakersfield, to identify any previously recorded sites
located on or previous studies conducted within or adjacent to the project area. For the purposes
of the records search, this will include the 71-acres biomass facility, the CO2 plume Area of
Review (AOR) and a half-mile buffer, as required for agency and SHPO compliance. The records
search will include a review of all maps and files housed at 1C related to the project areas, to
determine whether they have been previously surveyed. During the records search, we will
determine if any previously recorded cultural resources identified within the project area are listed
on the National Register of Historic Places (NRHP) or the California Register of Historical
Resources (CRHR).

A records search of the Native American Heritage Commission (NAHC) Sacred Lands files will
also be requested. Outreach letters and follow-up phone calls will be made to tribal organizations
and members on the NAHC-provided tribal contact list, to assist with the tribal consultation
process.

Fieldwork will comprise of an intensive pedestrian survey of the approximately 71-acres biomass
facility, using a 100-feet buffer. The survey will be designed to meet all professional requirements,
including the Secretary of the Interior’s Standards and Guidelines, and Office of Historic
Preservation (SHPO) guidelines. Survey of this area will be conducted at 15-m transect intervals
by qualified archaeologists.
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Any newly identified sites or historic buildings or structures will be mapped and recorded on DPR
523 forms for submission to the IC for assignment of permanent trinomials. Previously recorded
sites within the 71-acres biomass study area will be visited and the site form will be updated. If
potentially significant archaeological sites or historic structures are identified during the survey,
evaluation of their eligibility for the national, state or local register(s) may be required, if site
avoidance cannot be achieved due to project constraints. Should this be the case, ASM will inform
you of such and submit a proposal to complete that work.

ASM will prepare a written draft technical report that will summarize the background, research,
methodology, historic context, and results of the work described above, including
recommendations for NHPA Section 106 and CEQA compliance. The report will also include an
assessment of the archaeological sensitivity of the AOR based on the records search results and
existing geoarchaeological sensitivity studies.

Cost Estimate and Schedule

The estimated cost to complete the records searches and Native American outreach, conduct the
pedestrian survey, and prepare the technical report is . We estimate that it will take
approximately 3 - 4 weeks to receive the IC and NAHC records searches. The fieldwork will be
completed within two weeks of the receipt of the records search. The draft report will be submitted
within four weeks of the fieldwork.

For the purposes of this proposal, the following assumptions are made:

The cost of the IC records search will not exceed _

No meetings on-site will be required;

Field survey will be limited to the approximately 71-acres biomass facility;

No Native American tribal monitoring will be included;

The services of an architectural historian will not be required; and

No archaeological sites or historical structures will be evaluated for significance.

If the cost of the IC records search exceedSH additional acreage requires survey, or the
other assumptions cannot be met, we will work with you to augment our budget.

Should you have any questions or would like to discuss this project further, please do not hesitate
to contact me.

Sincerely,
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David S. Whitley, Ph.D., RPA
Director
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RE: Mendota Carbon Capture Project, Mendota, Fresno County, California

Fixed Fee Cost: -

Accepted by:

bl 76{9! : Rebecca Hollis
Signature Print Name
Director BD - CNE 24-Sep-2020
Title Date

Clean Energy Systems, Inc.
Company Name

3035 Prospect Park Dr, Suite 120,
Rancho Cordova, CA, 95670

Billing Address

accountspayable@cleanenergysystems.com
Email Address

916-638-7967

Phone Number
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